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FUNCTIONAL.  DESCRIPTION  OF  INVEN  TORY 
REPI  ENISHMENT  iMODEL  FOR  THE  RFXHONAL  HAZARDOUS  ,MA  FERIAL 
MANAC.EMENT  SYS  I  FIM  (RMMMS) 


Introduction 

Under  Project  Description  (PD)  7-2-001,  AFMA  was  tasked  to  create  a  mathematical 
inventory  model  to  be  used  for  replenishment  of  HAZMIN  Centers  under  the  Regional 
Hazardous  Material  Management  System  (RHMMS).  AFMA  has  developed  a  functional 
description  of  the  mathematical  inventoiy  replenishment  model  based  on  forecasted 
requirements,  repetitive  demand,  lead  times,  excess  material  available  in  the  region  for 
redistribution,  and  the  cost  of  disposal.  I'his  functional  description  includes  graphical 
layouts  depicting  the  data  to  be  used  by  the  Regional  Inventory  Manager  (RIM)  and  repoils 
to  be  generated  for  use  by  the  RIM. 

Forecasting 

Pursuant  to  creating  the  replenishment  model,  AFMA  focused  on  demand  forecasting 
as  the  most  fundamental  aspect  of  a  successfiil  inventory  management  system. 

'fhc  demand  forecasting  model  was  developed  using  the  following  methodology: 

1 .  Investigation  and  selection  of  a  potential  demand  forecasting  model(s)  -  Several 
methods  of  demand  forecasting  were  researched  and  a  candidate  selected  for 
testing  and  evaluation  using  historic  demand  data.  The  candidate  model  selected 
was  an  exponential  smoothing  method. 

2.  Collection  of  historic  demand  data  -  Site  visits  to  operating  HAZMIN  Centers  at 
FISC,  Norfolk;  FISC,  San  Diego;  and  FISC,  Pugc  Sound  were  used  to  collect 
background  information  and  historic  demand  data. 

3.  Data  Reduction  -  Hnoneous  or  otherwise  unusable  data  were  eliminated, 

■1.  Data  Analysis  -  Statistics  regarding  demand  for  Hazardous  Material  (HM)  were 
compiled  and  the  potential  forecasting  niodd(s)  were  tested,  simulated,  and 
evaluated. 

.‘i.  Selection  -  The  n:;)st  appropriate  forecasting  model  was  selected  and  parameters 
defining  its  usclulncss  were  quantified. 

Replcnishincnt 

fhe  forecasting  model  became  the  basis  for  the  invcntoiy  replenishment  model,  (jlher 
factors  considered  in  development  of  the  replenishment  model  include: 

1 .  A  lead  time  factor,  tied  to  the  material  source,  to  |)rcvcnt  stock  outs  while  material 
is  on  order, 

2  I'lie  need  ibr  a  High  Limit  (I  II.)  and  a  Imw  Limit  (I.L)  on  invcntoiy  levels, 

3.  Methods  of  determining  the  Reorder  Quantity  (ROQ). 

4.  Suggestions  and  recoinmeiKlations  from  (dSC  personnel,  (i.c.,  several  people 
recommended  that  the  replenishment  model  include  a  i'eature  ibr  remarks  by  the 
RIM. 

Methods  of  managing  materials  that  have  low  frequency  of  issue. 

6  Use  of  data  derived  from  the  UK’S  database.  Implicit  in  this  assumption  is  that 
such  data  re|nesents  the  combined  totals  for  all  1  lAZMIN  Centers  in  the  region. 

7  The  need  to  miiiimix.c  the  amount  of  data  supplied  by  the  RIM,  consistent  with 
proper  fuiiclioniiig  of  the  Replenishment  Model 


■> 


Section  I:  Siiinniajy  of  Results 
Forecasting 

A  forecasting  model  called  "exponential  smoothing"  was  chosen  as  the  best 
method  of  forecasting  demand  for  Hazardous  Materials.  In  simulation  and  testing  of  the 
exponential  smoothing  model,  demand  for  items  with  a  high  frequency  of  issue  was 
forecasted  with  reasonable  accuracy.  Several  variations  of  the  exponential  smoothing 
model  were  tested  and  simulated.  The  variation  between  actual  demand  and  forecasted 
demand  was  measured  to  determine  the  best  version  of  the  model.  The  resultant  model  is 
rcpre.seniCG  by  the  following  equation: 

Next  Period  Deitiaiid  = 

0.1*Prcvioiis  Actual  Dctnaiid  +  0.9*Previous  Foreca.st 

The  equation  shown  above  forecasts  demand  with  reasonable  accuracy  for  items  that  arc 
issued  24  or  more  times  per  year.  The  iirsl  iteration  of  this  model  requires  an  initial  value 
for  the  first  “previous  forecast”.  An  arithmetic  average  of  previous  annual  demand  is 
recommended  for  the  initial  value,  if  enough  data  is  available.  Othenvise,  the  first  value 
for  the  “previous  forecast”  must  be  selected  by  the  RIM  based  on  his/her  knowledge  of 
demand  for  the  item, 

It  is  important  to  note  that  this  forecasting  method  is  only  viable  for  items  with 
liigh  levels  of  demand  and  high  frequency  of  issue.  Such  items  represent  the  vast  majority 
of  transactions  at  HAZMIN  Centers;  however,  they  are  only  a  small  percentage  of  the 
number  of  inventory  items.  Tliciefore,  the  following  basic  inventory  management 
practices  are  recommended  to  minimize  the  number  of  low  demand  items: 

1 .  Periodic  review  and  update  of  Authorized  Use  Lists  to  eliminate  items  from  the 
invcntoi-y  that  are  no  longer  in  use. 

2.  Llimination  of  low  demand  items  from  the  1117011(017  wlienever  possible, 
particularly  items  that  are  not  mission  critical.  Items  that  arc  required  for 
[ilanncd  activities  arc  good  candidates  because  they  can  be  ordered  when 
required,  rather  than  provided  “off  the  .shelf’. 

Despite  eflbrt.s  to  eliminate  them,  items  with  low  frequency  of  issue  and/or  low 
demand  need  to  be  managed  as  part  of  tlic  inventory.  Demand  for  thc.se  items  must  be 
determined  from  the  inventory  manager’s  knowledge  of  the  customer’s  needs. 

Replenisliiiient 

With  the  capabilities  and  limitations  of  demand  foreca.sting  in  mind,  a 
Replenishment  Model  for  regional  hazardous  material  management  wa.s  created.  It  utilizes 
an  Dptional  Replenishment  (OR)  inventory  system  combined  with  Selective  Inventoiy 
f’ontrol  (SIO)  The  integration  of  these  two  system.s,  combined  wilii  ilio  ability  to  forecast 
demand  for  HM,  provide  the  inventory  manager  with  powerful  tools  to  ensure  that  no 
.stock  outs  occur  and  that  no  excess  material  is  .sent  to  disposal.  A  discussion  of  the  five 
primary  elements  of  the  rciileiiisiimcnt  model  follows. 
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/.  OpHonal  Rt'plenishnwnt  Inventory  System: 

The  OR  syst'  Ill one  of  two  fundamental  elements  of  inventory  management  in 
the  replenishment  model  'i  is  similar  to  many  classical  inventory  management  models  and 
contains  the  ibiiowing  basic  elements: 

•  a  fixed  review  period 

•  a  iligh  l  imit  on  inventor^'  levels, 

•  a  Low  Limit,  also  called  the  Reorder  Point  (ROP),  on  inventory  levels, 

•  replenishment  when  inventory  levels  fall  below  the  low  limit,  and 

’  a  Reorder  Quantity  (ROQ)  based  on  the  HL  and  inventory  position  at  the  time 
the  order  is  placed. 

Typically,  High  and  Low  limits  in  the  OR  system  are  chosen  arbitrarily  by  the  inventory 
manager. 

The  RHMMS  Replenishment  Model  includes  'he  following  modifications  to  the 
OR  system  to  satisty  the  unique  requirements  of  HM  management,  especially  the  excessive 
cost  of  surplus  iru'enfory: 

•  calculating  the  IlL  and  LI.  for  each  inventory  item  based  on  demand 
forecasting  (d'or  items  conduci'.'e  to  demand  forecasting), 

•  providing  a  means  for  tltc  regional  inventoiy  manager  to  identify  trends  in 
demand  for  inventory  items, 

•  providing  tools  for  the  inventoiy  manager  to  identify  (via  reports)  items  that 
are  above  the  HL,  below  the  LI.,  or  olheiwd.sc  in  need  of  attention,  and 

•  a  method  of  soiling  and  organising  inventory  information  rapidly  and 
accurately. 

2.  Selective  Inventory  Matui^'ement: 

Selective  inventoiy  management,  sometimes  called  ABC  analysis,  is  a  common 
inventory  management  technique  and  the  second  lundamcntal  clement  in  the  replenishment 
model.  It  involves  dividing  inventory  items  into  three  classes  (Clas.s  A,  Cla.ss  B  and  Clas,s 
C),  based  on  dollar  volume.  The  class  division  allows  the  inventory  maiia,ger  to 
concciiti  ate  on  the  class  or  classes  of  matcriais  that  require  more  intense  management. 

The  selcclivc  inventory  iniinagcmcnt  approach,  in  conjiinelion  with  OR,  allows  inventoiy 
managers  to  concentrate  on  HM  posing  particular  problems  with  respect  1o  forecasting, 
availability,  or  mission  readiness.  The  replenishment  model  contains  a  field  used  by  the 
invcnlory  manager  Ui  assign  a  class  to  each  )  IM  in  the  inventory.  I'lie  classes  arc 
designated  ‘I,  1.1,  III  and  IV’  rather  than  'A,  B,  C...’  to  avoid  confijslon  with  the 
designalioms  ‘A’  condition  and  ‘CA’  matoriai  cuircntly  used  in  RHMMS, 

A  lute  rial  ( 'lussification  in  the  Replenishment  Model: 

In  the  Rei.'lcnishment  Model,  the  class  determines  the  i-a  cdlic  foieeastiiig 
technique  apjilied  to  the  inventory  item.  The  following  dasse-'  .re  included  in  the 
rcplcni.shinent  model; 

*■  Class  I  -  htatcnals  with  a  higdi  frequency  oFisstic  (24  or  more  issues  per  year), 
riiese  maltriais  have  moderate  to  high  tni  iiover,  demand  that  can  be 
forecasted  with  reasonable  accuracy,  and  represent  the  bulk  of  HA/.MIN 
Center  issues  They  require  mininiai  attention  from  the  inventory  manaiga. 

01, I’n./  v.iJDi  in 
irrr')’, 


s 


Demand  for  items  in  this  class  is  forecasted  using  the  forecasting  model 
discussed  above.  The  High  Idniits  and  Low  f.iiTiits  for  these  items  are  based 
on  the  forecasted  demand  and  a  lead  time  factor.  Replenishment  is  initiated 
when  the  inventory  level  drops  below  the  low  limit.  The  reorder  quantity  for 
replenishments  is  simply  the  high  limit  minus  the  current  invcntoiy  level. 

•  Class  n  -  Materials  with  a  low  frequency  of  issue  (less  'ban  24  issues  per  year) 
These  are  materials  with  low  turnover,  fairly  const.int  demand  and  no  unusual 
inveniory  considerations  (e.g.  restricted  supply,  extremely  short  shelf  life).  The 
items  in  this  class  are  expected  to  require  moderate  time  and  management 
effort  because  they  do  not  have  high  turnos  er  or  do  not  respond  well  to 
demand  forecasting.  High  limits  and  low  limits  arc  set  by  the  inventory 
manager  based  on  knowledge  of  customer  requirements  or  historic  demand 
patterns.  Replenishment  is  initiated  wlien  the  inventory  level  drops  below  the 
low  limit.  The  reorder  quantity  for  rcpleni.shments  is  calculated  in  the  same 
manner  as  Class  I  materials. 

•  Class  III  -  T!’,c.se  are  materials  which  exhibit  unpredictable  demand  fluctuations 
or  other  unique  cori'.plicalions  (e.g.  can  only  be  order  ed  cnee  each  year', 
extremely  critical  to  the  customers  mission)  requiring  more  frequent  review 
and  attention  by  the  inventory  manager.  High  Limits  and  Low  Limits  arc  set  by 
the  inventory  manager  based  on  knowledge  of  customer'  reqrrirements  or 
histor  ic  demartd  patterns.  Replenishment  is  initialed  when  the  inventor'y  level 
dr'ops  below  the  low  limit.  The  reorder  quantity  for  replenishments  is 
calculated  the  same  as  Class  I  material);. 

•  Class  IV  -  Reserved  for  items  of  particula''  interest  to  the  inventory  manager 
either  on  a  temporary  or  permanent  basis.  For  example,  Cla.ss  IV  may  be  used 
for  discontinued  items  that  will  be  cotisumed,  but  not  replenished. 

■/.  nma  Mana^cniL'tit: 

A  database  management  system  is  required  for  implcrnetUalior''  of  the  inventory 
management  system  discussed  above,  it  olTers  several  features  needed  to  ensure  the 
replenishment  model  succeeds  rticli.tding  1)  tlic  ability  to  manipulate  large  quantities  of 
data  as.sociatcd  with  inventory  management,  and  2)  nraxirnuru  flexibility  for  the  Regiorral 
Invc'itory  Manager  to  make  informed  decisions  regarding  replenishment,  Irnclosure  (1)  is 
a  collection  of  grapliics  develoired  by  AFMA  illustrating  the  type  of  system  envisioned,  it 
contains  grapliical  layouts  of  reernnmended  functions,  scrccn.s,  and  r'cportirrg  caiiabilily  for' 
atr  inventor  y  management  .system,  fhe  basic  screen  for  the  Rc|)lenislinient  Mrrdule  is 
sliown  itr  Figure  1  on  the  following  page. 

Til'’  Rcirlenishinent  Module,  as  illu.strated  in  enclosure  (1),  provitics  tire  inventory 
mrrnagei  with  tire  i'bility  to  sort  ,ind  organize  inventory  data  rapidly  and  accurately  using 
tlic  Sort,  S  nirrh,  and  Browse,  functions  It  also  allows  the  inventory  manager  to  execute 
vanoLi.s  repleni.shmcnt  options  via  the  Kcpicitish  frtnetion;  and  the  abiiity  to  generate 
standirrd  or  custom  rei'roils  using  the  Reports  llinclion.  A  Rrniacks  window  allows  the 
inwrnoiy  manager  to  recall  comriients  for  each  inventory  ileni.  A  second  window  for 
'fretidis  gi'apltically  disjdays  historic  dci'nand  and  irrventory  data,  'fire  inventory  data  is 
organized  in  a  database  window  called  Iriveiilory  and  Donand  Data. 
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The  iin  cntpry  manager  can  edit  any  field,  other  than  (hose  derived  iVoni  IlICS,  at  his  oi¬ 
lier  diserelion  using  the  Kdit  function  'I'lie  tlelds  eontained  in  the  database  and  ilie  source 
of  the  data  for  each  held  is  summarized  in  Taiile  1 . 


Table  1^  Fields  in  tjie  ifcpiciiishinciit  Model 


Fiel^ 

(dass 

"'nsn^' 

Nomen 
7  III  *' 
I'oial 

'a 

Surplus 

Slioit 

l-'oieeast 

in' 


Uescn[)tion  _ 


_  _ Usa^tq  sel(Xt  ilcins  _ 

_[(leiitnics  Mat'U'lass 
National  Sl(x:k  Number 
Item’s  cominoii  name 

_ _ tJnit  qf  Issue 

i'qtal  Qty  uljleiiqiii  slock 
Qly  of  A  cond  m.in  in  slock 
_(^ly  of  (  A  mm  'Jjipsloek 

_ f-?dT.ufnqad  I  incsqess  ol  111, 

l^dgrciicc  between  1,1,  aiul  fotal 
I'istiniated  Demand 
Maximum  IteL-onimended 

_ invenmry  Level 

Miniimim  Keeomnu  iideil 
hu  eiUoi  v  !  .e\  el 
Iteonlei  (.Inanli'o 
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Table  1.  Fields  in  the  Replenishment  Model  (Cont’d) 


Field 

Description 

Source  of  Data 

Lead  Time 

Time  required  to  order  &  receive 
material 

RIM 

Date  Order 

When  the  order  was  placed 

RIM 

On  Order 

Qty  of  material  ordered 

RIM 

ETA 

E.Npcctcd  arrival  date  of  mat’l 

RIM 

The  Replenishment  Mode)  also  contains  provisions  for  standard  and  custom 
reports  that  can  be  output  to  the  screen  or  to  a  printer.  All  of  the  standard  reports  contain 
tlie  1 8  fields  from  Table  I .  The  report  categories  are; 

1 .  Inventory  and  Demand  Data  -  A  report  containing  all  items  in  the  inventory. 

2.  Surplus  Material  -  A  report  containing  only  those  inventory  items  in  which  the 
inventory  level  exceeds  the  High  Limit. 

3  Low  Stock  -  A  report  containing  only  those  inventoiy  items  for  which  the 
inventory  level  is  below  the  low  limit. 

•t,  Mat’l  On  Order  -  A  report  of  those  inventoiy  items  with  pending  orders. 

5,  Custom  -  Reports  that  can  be  generated  for  any  of  the  standard  report  categories 
O'  for  selected  items.  Custom  reporting  also  allows  the  inventoiy  manager  to 
select  the  fields  that  will  be  included  in  the  report. 

5.  Replenishment  Model  Variables: 

'I'hc  key  inventoiy  variables  in  the  Replenishment  model  are  the  forecast,  the  high 
limit,  the  low  limit,  and  the  reorder  quantity.  The  Replenishment  Model  calculates 
forecasts,  reorder  quantities.  High  Limits  and  Low  Limits  for  items  with  high  demand  only 
(Class  1  items).  The  inventory  manager  may  edit  or  change  the  values  calculated  by  the 
model  at  any  time.  The  Replenishment  Model  variables  are  shown  below; 


» 


» 


I 
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Forecast  0.1  ■'I.ast  Period  Demand  0.9*Previous  Korcca.st 
Low  Limit  ■  2.5*Forecast  +  I.ead  Time  Factor 
High  Limit  ^  6.5*Forccast  t  Lead  Time  l'’actor 
Reorder  Quantity  -=  High  Limit  -  CiiitciiI  Inventoiy  Level 


Il'tlie  forecast  falls  below  S  units  per  munlh,  the  High  Limit  defaults  to  dO  anil  the  low 
limit  dd'aults  to  20  units.  Section  11  contains  a  detailed  description  of  tlie  developmeiit  of 
lliese  reiiicnishiiient  e(|iiatioi!S. 
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Conclusions 

The  information  provided  herein  comprises  a  functional  description  of  a 
Replenishment  Model  for  regional  inventoiy  management  under  the  RHMMS  concept.  It 
was  developed  using  data  from  operating  HAZMIN  Centers  and  information  and 
recommendations  from  NAVSUP  HM  inventory  managers. 

This  model  is  designed  to  meet  all  regional  requirements  for  hazardous  materials 
managed  using  RHMMS  without  sending  any  excess  HM  to  disposal.  It  differs  from 
classical  replenishment  models  because  it  does  not  rely  on  Economic  Order  Quantities 
(EOQs)  to  optimize  costs.  Rather,  it  focuses  on  minimizing  materials  held  in  the  inventory 
to  avoid  the  costs  associated  with  disposal  of  excess  HM. 

The  model  presented  above  can  be  used  to  manage  materials  with  any  level  of 
demand,  flowevcr,  it  provides  the  most  benefit  for  items  that  experience  consistent, 
significant,  levels  of  demand.  This  is  consistent  with  the  policy  of  stocking  only  high 
turnover  items  at  HAZMIN  Centers  Despite  this  policy,  iTAZMlN  (ienters  must  stock 
certain  slow  moving  items  that  are  extremely  critical  or  diflicult  to  obtain.  Therefore,  a 
need  exists  foi'  dealing  with  slo\v  moving  items.  Just-in-Time  (iff)  delivery  and  lead  time 
minimization  methods  present  viable  options  for  dealing  with  this  issue.  Integration  ol 
such  methods  into  the  replenishment  model  would  enhance  its  effeefiveness  for  dealing 
with  slow  moving  items. 

Based  on  AI’MA’s  research  and  development  of  tlio  replenishment  model,  several 
tecommendafions  for  optimizing  its  peiforniance  have  been  compiled.  They  arc: 

•  Class  1  items  should  be  limited  to  items  with  moderate  to  high  levels  of  demand 
and  high  frequency  of  issue  (approx.  24  issues  or  more  per  year). 

•  Periodic  review  and  update  o<' Authorized  Hsc  Lists  is  necessary  to  avoid 
stocking  items  that  aie  no  longer  used,  'fhis  also  avoids  loading  the  database 
w'th  Linnccessaiy  information. 

•  HAZMIN  Centers  should  eliminate  slow  moving  items  from  the  inventory 
\»'hcnever  possible.  Demand  for  such  items  is  diflicult  to  predict  am’  time 
consuming  for  the  inventoiy  manager. 

•  NAVSUP  and  PlSCs  should  develop  .strategies  to  minimize  lead  times  as  much 
as  possible  to  reduce  the  amount  of  material  required  to  satisfy  demand  while 
orders  arc  pending. 

•  i  1  iZMlN  Centers  should  pursue  a  .strict  policy  of  Mrst-in,  '.•iisl-out  (I'lI'O) 
with  regard  to  HM  inventories.  Thi:>  means  i.ssuing  materials  with  the  shortest 
reinainin.g  shelf-life  first,  'fhis  policy  is  recjuircd  to  ensure  that  shelf  life 
expiration  does  not  occur. 


•  O 
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Section  U:  Detailed  Description  of  Methods  Used  in  Model  Development 

The  forecasting  and  replenishment  models  resulted  from  research,  historic  demand 
data  from  operating  I  lAZMIN  Centers,  site  visits,  and  interviews  with  FISC  inventory 
managers.  The  development  of  the  forecasting  model  was  based  entirely  on  analytic 
methods.  However,  the  rcpletiislirnent  model  was  created  using  subjective  as  well  as 
analytic  methods.  These  methods,  the  resultant  findings  and  conclusions  are  ciiscu.sscd  in 
detail  below. 


Development  of  the  Forecasting  Model 

Development  of  the  forecasting  model  followed  ; 
methcdology  comprised  of  five  basic  steps; 


standard  engineering 


Research, 

Data  Collection, 

Data  Analysis, 
Simulation  and  Testing, 
Evaluation  of  Results. 


/.  Rf  search 

Creation  of  the  forecasting  model  began  with  research  into  existing  candidate 
models.  This  research  was  limited  to  two  basic  reference  documents  cited  in  the  Project 
Description  for  thi.s  task: 

•  Principles  of  Inventory  and  Materials  Manaf^ement,  4th  Edition,  Richard  J 
Tersine,  and 

•  Development  of  Inventory  Models  in  Support  of  Ihe  Hazardous  Material 
Minimization  Concept  at  IdSC,  Puyet  Sound,  Naval  Post  Graduate  School 
Thesis,  Pilourn  and  Smith 

The  above  references  cover  several  independent  demand  forecasting  models 
potentially  adaptable  to  inventory  management  under  the  RlfMMS  concept.  Afier 
analyzing  the  advantages  and  disadvantages  of  each  model,  a  candidate  model  called 
‘exponential  smoothing’  was  selected  for  simulation  and  testing,  'i'his  model  has  the 
greatest  potential  for  accurate  demand  foreca.s'.ing  with  minimal  data  storage 
requirements.  It  is  more  complex  than  other  models;  however,  the  complexity  is  not  a 
detriment  since  impicmentatien  will  be  via  .sortvvare  The  only  drawback  remains  the 
inability  to  forecast  items  with  low  frequency  of  issue,  a  dilTiculty  common  to  all 
indcjiendcnt,  deterministic  models.  A  brief  description  of  the  principal  forecasting 
mctliods  and  their  advantages  and  dis.adv.antages  is  .sunimarizod  in  fable  2  on  the  next 
page. 

fhe  exponential  .smootli'iig  model  forecasts  demand  using  the  most  recent  forecast 
plus  an  adjustment  for  the  error  lictwccn  the  previous  forecast  and  previous  actual 
demand.  It  effectively  predicts  the  constant  component  of  deniand  and  eliminates  random 
fluctuations.  If  necessary,  the  model  can  be  modified  to  adjust  for  trend,  seasonal  and/oi 
cyclical  demand  nuctuations.  fhe  basic  formula  for  tins  forecasting  method  is. 


e 


Foreca.st  -  Previous  Forecast  r  a’‘(Previoii.s  Actual  Demaiid  -■  Previous  Forecast) 

wlicre  ‘a'  is  the  cxpoiicntiai  sniiMitliiiig  (.(inslatil  (aujusiment  factor)  ranj>in)»  from  0  to  I. 
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Tabic  2.  Comparison  of  Demand  Forecasting  Methods 


Method 

Description 

Advantages 

Disadvantages 

I  ast  Period 
Dernjmd 

Mext  period  demand  is  simply  equal 
to  the  actual  demand  for  the  previous 
time  period 

] .  Simple  concept. 

2.  Easy  to  Implement. 

3.  Requires  very  little 
historic  demand 
information 

1 .  Large  fluctuations  in 
forecasts. 

2.  Forecasts  reflect  random 
demand  rather  than  constant 
demand  elements. 

3.  Ignores  all  factors  that 
indicate  future  changes  in 
demand, 

4.  Not  accurate  for  items 
with  low  frequency  of  issue. 

Aridimctic 

A^-eragc 

Demand  is  equal  to  the  as’crage 
demand  for  all  past  time  periods. 

1 .  Simple  to  use. 

2.  Easy  to  implement. 

1 .  Responds  vcr\-  .slowly  to 
changes  in  demand. 

2.  Requires  retention  of  large 
quantities  of  dam, 

3.  Weights  ail  prior  demand 
periods  equally. 

4.  Not  accurate  for  items 
will)  low  frequency  of  issue. 

Mo\'iiig 

Average 

This  metlvod  computes  demand  as  an 
average  of  demand  for  the  last  ‘n’ 
time  periods.  The  number  of  periods, 
n,  is  selected  by  analyzing  historic 
demand  data. 

1 .  Shnplc  to  use. 

2.  Easy  to  implement, 

3.  Responds  to  trend.s 
(with  a  delay). 

4.  Gives  grcitter  weight 
to  recent  demand 
periods  th:m  aritlimctic 
avera.ging. 

1.  Requires  retention  of 
significant  quantities  of 
historic  demand  data. 

2.  Does  not  correct  for  errors 
in  prior  foiccasts. 

3.  Not  accurate  for  items 
with  low  frequency  of  issue. 

Exponential 

Smoothing 

Similar  to  moving  average,  but 
provides  for  a  correction  factor  based 
on  error  in  the  previous  periods 
forecast. 

1.  Responds  to  trends. 

2.  Predicts  constant 
components  of  demand. 

3.  Reduces  rajidom 
demand  fluctuations. 

4.  Gives  greater  weight 
to  more  recent  demand 
periods. 

5.  Responds  to  crroi  s 
in  previous  forecasts. 

6.  Requires  retention  of 
minimal  historic 
demand  data. 

1 .  More  romp  lex  than  other 
incth,  s. 

2.  Requires  more  effort  to 
implement. 

3.  Not  accurate  for  items 
will]  low  frajueiicy  of  issue. 

The  basic  exponential  smoothing  formula  givcii  on  the  previous  page  reduces  algebmically 
to  this  form: 


Forecast  =  a’'(Previous  Actual  Demand)  +  (l-a)''fPrevioiis  Forecast) 
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'J'he  value  for  ‘a’  in  the  exjionential  smoothint;  model  lies  between  0  and  1  and  is 
chosen  by  analysis  of  historic  demand  data  .  As  the  value  of ‘a’  approaches  0,  this  model  ^ 

exhibits  minimal  response  to  previous  actual  demand,  Conversely,  as  the  value  of  'a’ 
approaches  1,  this  model  responds  almost  exclusively  to  previous  actual  demand  (In  fact, 
it  approximates  a  last  period  demand  model).  In  practice,  selecting  the  appropriate  value 
for  ‘a’  require.s  real,  historic  demand  data  for  use  in  forecasting  simulations.  Data 
collection  for  testing  of  the  exponential  smoothing  model  in  the  context  of  the  RHMMS 

concept  is  discussed  below.  * 

2.  Data  Collection 

After  choosing  the  exponential  smoothing  method  as  the  best  candidate  for 
forecasting  under  the  RHMMS  concept,  data  collection  began.  The  data  collection  effort 
included  these  goals:  * 

•  Obtaining  historic  demand  data  representative  of  iy))ical  items  stocked  in 
operating  HAZMIN  Centers.  This  information  is  required  to  select  an 
appropriate  value  for  'a’  in  the  exponential  smoothing  itiodel.  It  can  also  help 
identify  trend,  cyclical  and/or  seascnal  components  of  demand  that  may  need 

to  be  added  to  tlie  exponential  smoothing  model.  • 

•  Obtaining  statistics,  or  raw  data  from  which  to  derive  statistics,  that 
characterize  the  nature  of  demand  for  items  stocked  in  operating  HAZMIN 
Centers.  These  stati.stics  arc  used  to  identify  any  limitations  that  may  affect  use 
of  the  forecasting  model.  They  also  identify  factors  that  might  preclude  the 

use  of  the  forecasting  model.  • 

The  necessary  data  were  obtained  from  FISC,  NoiTolk  and  FISC,  San  Diego,  during  site 
visits  by  AFMA  personnel.  The  data  were  provided  in  the  form  of  copies  of  the  HICS 
databases  from  operating  HAZMIN  Centers  at  each  FISC.  It  includes  transactions  from 
several  HAZMIN  Centers  over  the  course  of  one  year  (July  1994  through  July  1995)  and 
copies  of  HAZMIN  Centers’  AUI.s.  • 

The  HICS  databases  contain  a  number  of  fields  not  relevant  to  the  demand 
forecasting  model.  These  fields  were  culled  from  the  data  using  a  relational  database 
management  program.  The  resultant  database  is  comprised  of  fields  with  the  following 
information: 

•  National  Stock  Number  ^ 

«  Date  of  each  transaction  (material  issue) 

•  Dnil  of  Issue 

•  Material  Type  (‘A’  Condition  or  CA) 

•  Product  Nomenclature 

In  addition,  data  for  items  other  than  ‘A’  Condition  and  ‘CA’  materials  were  discarded.  • 

Appendix  A  contains  a  copy  of  the  data  remaining  after  the  reductions  described  above.  It 
is  provided  in  electronic  format  (Microsoft  Access  '^')  due  to  its  large  size  (approx.  500 
pages). 
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3.  Data  A  nafysis 

The  data  collected  were  analyzed  to  quantify  aggregate  regional  demand  and  to 
determine  the  annual  frequency  of  issue  for  HM.  Aggregate  demand  information  was 
derived  ifom  analysis  of  the  data  in  Appendix  A.  Tabic  3  shows  the  results  of  this 
analysis. 


3'able  3.  Aggregate  Demand  Data  -  FISC,  Norfolk  and  FfSC,  San  Diego 


FISC,  Norfolk 

FISC,  San  Diego 

Total  HM  Issues 

27,778 

18,101 

‘A’  Condition  HM  Issues 

8,834 

12,064 

Number  of  Items  Stacked 

1,039 

568 

Number  of  Items  on  AULs 

4,494 

650 

A  number  of  observations  were  made  regarding  aggregate  demand  based  on  the 
information  in  Table  3.  First,  a  large  number  of  HM  transactions  are  processed  via 
IIAZMIN  Centers  under  the  purview  of  each  MSC.  Second,  issues  of ‘A’  condition 
materials  represent  a  significant  fraction  of  the  issues  at  FISC,  Norfolk,  and,  comprise  the 
bulk  of  HM  issues  at  FISC,  San  Diego,  Third,  the  nun  or  of  items  authorized  for  issue 
exceeds  the  number  of  inventory  items  actually  issued  at  both  FISCs. 

The  data  in  Appendix  A  were  sor+cd  to  determine  the  annual  frequency  of  issue  for 
each  item.  This  infomiation  was  later  used  as  an  index  of  forecast  accuracy  (see  remarks 
on  this  subject  in  the  Research  section  above).  Appendix  B  lists  the  inventory  items  and 
the  tfequency  of  issue  for  each. 

The  data  in  Appendix  B  were  grouped  by  frequency  of  is.sue  to  determine  the 
percentage  of  inventory  items  exhibiting  the  same  or  similar  frequency  of  issue.  The 
re.sults  of  this  exercise  are  shown  graphically  in  Figure  2,  for  FISC,  Norfolk  and  FISC,  San 
Diego.  These  graphs  indicate  that  items  with  relatively  low  frei^uency  of  issue  comprise  a 
significant  fraction  of  the  items  stocked  at  each  F’lSC. 


4.  Simulation  and  Tcstinf' 

Following  the  data  analysis,  simulation  and  testing  of  the  exponential  smoothing 
model  commenced.  The  simulation  and  testing  was  performed  to  provide  a  basis  for 
evaluating: 

•  the  suitability  of  the  e  j  -onential  smoothing  model  for  use  in  the 
replenisbmcnt  model, 

•  the  appropriate  value  for  the  exponential  smoothing  constant  ‘a’,  and 

•  minimum  frequency  of  issue  for  accurate  forecasting  (if  one  exists). 

•  cyclical,  seasonal,  or  other  demand  components  not  included  in  the 
basic  exponential  smoothing  model,  and 

•  the  effect  of  C A  items  in  the  inventory  on  demand 

Simulation  and  testing  were  performed  or.  a  random  sample  of  inventory  items 
selected  from  both  FISC,  Norfolk  and  FISC,  San  Diego  HAZMIN  Center  inventories. 

The  simulation  proceeded  using  thirty-two  inventory  items  with  frequency  of  issue  ranging 
from  6  to  366  issues,  over  a  one  year  period.  Historic  demand  data  on  these  items  were 
used  to  simulate  real  time  forecasts  calculated  by  the  exponential  smoothing  model.  This 
simulation  was  repeated  four  times  for  each  inventory  item.  In  each  repetition,  the  value 
of ‘a’  in  the  exponential  smoothing  model  changed  while  all  other  factor  s  were  held 
constant.  Four  values  of ‘a’  were  used:  0.1,  0.3,  0.6  and  0.9. 

To  perform  the  simulations,  individual  transactions  from  Appendix  A  were  utilized 
to  determine  the  monthly  demand  for  each  item.  Then,  the  exponential  smoothing  model 
was  used  to  simulate  monthly  forecasts.  Because  the  first  forecast  in  each  repetition 
required  an  initial  value  for  the  ‘previous  forecast’,  the  first  month’s  actual  demand  datum 
was  used  for  the  initial  ‘previous  forecast’.  The  resultant  forecasts  (one  for  each  value  of 
‘a’)  were  charted,  along  with  the  actual  monthly  demand  for  analysis  and  interpretation  of 
the  results. 

In  order  to  as.scss  the  results  of  the  simulations,  the  variance  between  the  actual 
demand  for  each  monthly  forecast  in  each  repetition  was  calculated.  The  vaiiance  was 
defined  as  the  Mean  Absolute  Deviation  (MAD)  belween  the  forecasted  demand  and  the 
actual  demand  for  each  month.  I'he  MAD  represents  the  magnitude  of  the  difference 
between  the  Ibrecasted  demand  and  actual  demand  for  each  month.  The  lower  the  MAD 
(variance),  the  more  accurate  the  forecast.  Algebraically  MAD  is  given  by: 


MAI)  -  ABS(forecastc(J  deiiuiud  -  actual  demand) 


In  addition  to  calculating  the  MAD  for  each  monthly  forecast,  MAD  values  were  aveaaged 
i'or  each  forecast  repetition.  An  example  of  the  data  derived  fr  jin  one  inventory  itetn  is 
.shown  in  ligii.'-c  3  on  the  following  jwge.  Appendix  C  contains  similar  information  for 
each  ol'the  32  inventory  items  included  in  the  forecasting  sinuil.ttions, 

I'n  order  to  compare  the  variation  in  forecast  .simulations  among  several 
different  inventory  items,  the  average  MAD  was  indexed  to  the  average  monthly  issue 
c|uanlity  for  the  item  under  study.  The  resulting  MAD  Index  is  expressed  as  a  percentage 


Figure  3.  Sample  Foicrast  and  MAD  I'ablcs  from  Appendix  C 
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representing  an  a\'crage  range  of  forecasting  accuracy.  A  MAD  Index  of  31%  indicates 
that  the  forecast,  on  aN  crage,  lies  within  31%  (above  or  below)  the  average  issue  quantity 
for  a  given  item 

MA13  Indexes  were  calculated  for  all  of  the  forecast  simiilations  and  consolidated 
into  a  .single  table  along  with  frequency  of  issue  and  average  issue  quantity  data,  for 
comparison  purjtoscs.  ’  ;xt,  seven  items  were  eliminated  because  the  MAD  values  were 
extrentely  high  and  the  frcciucncy  of  issue  very  low,  indicating  that  the  forecasting  model 
is  not  suitable  for  these  items.  Four  additional  items  were  eliminated  because  they  were 
not  stocked  by  the  IIA/.MIN  Centers  for  the  entire  duration  of  the  simulation.  The 
remaining  MAD  Indexes  and  related  information  arc  presented  in  Table  4. 


Table  4.  Mad  Indexes 


Mad  Index% 

Mad  Indcx% 

Mad  Index  % 

Mad  Index  % 

Item  NSN 

AlO 

For 

(a:-0,l) 

(a-0.3) 

(a=0.6) 

(n-0.9) 

793001177079.5 

214 

.366 

43 

.3.3 

■  28  ■  ■' 

23 

6850012.350872 

77 

.350 

19 

16 

IH 

IS 

801001.354096.1 

78 

275 

27 

32 

.36 

38 

80.3000.54686.37 

114 

211 

28 

26 

26 

28 

80100120026.37 

.^2 

193 

48 

46 

40 

.33 

80100I.3.316I07 

57 

184 

37 

.35 

33 

.35 

8010012930789 

79 

160 

41 

29 

28 

29 

9150002501)92.6 

15 

122 

^  47 

5.3 

60 

73 

91500014974.32 

270 

120 

46 

.39 

.38 

.3  7 

91.50012(102534 

3.5 

106 

49 

57 

66 

77 

6840006877904 

136 

92. 

45 

.35 

.39 

.31 

8040001 178510 

20 

62 

.50 

60 

70 

70 

6X50012.340219 

4.3 

57 

71 

86 

9150002319071 

9 

51 

78 

..  ^  ...  J 

89 

8010001817568 

..  1  .J 

49 

43 

-  J 

46 

46 

91.500098.5709 

291 

48 

97 

93 

86 

80 

8(14(10(1.3  1.5224(1 

37 

.50 

50 

50 

75 

803(1(110668156 

30 

. .  _| 

50 

60 

70 

(.810002499354 

16 

25 

69 

75 

75 

75 

9150002316676 

X 

1  . 

6.3 

75 

88 

100 
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An  ci^caniple  ot'a  MAD  Index  calculation,  using  the  forecasting  data  from  ligure  3  is 
shown  below: 


(liven:  Exponential  Smoothing  Forecast  with  ‘a’=  0.1, 

Average  Monthly  Issue  Quantity  =  136, 

Average  MAD  =  61, 

then:  Mad  Index  =  Average  MAD  /  Average  Monthly  Issue  Qly  ==  61/136 

-31% 


The  average  of  the  MAD  Indexes  for  each  value  of ‘a’  in  Table  4  are  of  particular  interest 
in  evaluating  the  results  of  the  simulation.  Therefore,  they  arc  shown  in  Table  5: 


'fable  5.  Average  MAD  In dexes 


Plxponential  Smoothing  Factor 

Average  of  MAD  Indexes  from  Table  3 

a  =  0.1 

49% 

a  0,3 

49% 

a  ==0  6 

52% 

a  -■=  0.9 

56% 

5.  Evaluation  of  Results' 

Evaluation  of  the  results  of  the  simulations  took  place  after  calculation  of  the 
MAD  Indexes.  The  feasibility  of  using  the  exponential  smoothing  model  for  demand 
forecasting  under  the  RDMMS  concept  was  examined  lirst.  An  examination  of  Tables  4 
and  5  indicated  that  the  model  is  feasible  for  certain  invcntoiy  items  based  on  the  accuracy 
of  the  tbrecasts.  In  general,  average  MAD  values  of  75%  were  considered  acceptable  in 
this  determination. 

Next,  the  appropriate  value  of ‘a’  was  selected  based  on  the  average  of  the  MAD 
values  for  each  value  of  ‘a’,  and  examination  of  the  forecast  chails  in  Appendix  Q.  Tltc 
lowest  average  MAD  Index  value  normally  indicates  the  best  value'for  ‘a’,  fable  4  shows 
that  two  values  of ‘a’.  0. 1  and  0.3  tied  for  the  lowest  value  (46%),  Because  lower  values 
of ‘a’  produce  a  more  consistent  forecast  (sec  graphical  results  of  forecasting  simulations 
in  Appendix  C),  they  arc  jnel'errcd  when  a  single  value  cannot  be  selected  based  on  the 
MAD.  fhcrcforc,  0. 1  was  chosen  as  the  most  appropriate  value  for  ‘a’  iti  the  exponential 
smoothing  model,  flic  basic  forecasting  model  was  then  determined  to  be. 


Next  Period  Demand  - 

0.1* Previous  Actual  Demand  +  0.9*Previoii.s  Forecast 


Following  identification  of  the  basic  forecasting  model  above,  limitations  and 
capabilities  of  the  model  were  investigated  in  greater  detail.  I'hc  minimum  frer]ucncy  of 
issue  was  established  at  24  issues  per  year.  'Phis  is  based  on  the  I'act  that  below  a 
frequency  of  issue  of  24  i.s.sues,  the  average  MAD  is  consistently  greater  than  75%, 
regardless  of  the  value  of ‘a’.  While  evaluating  frequency  of  issue,  a  negative  correlation 


0  bctu'ccn  average  monthly  issue  c|uan.'ify  anri  forecasting  accuracy  was  observed.  This 

>)  means  that  the  forecasting  model  may  not  provide  accurate  results  when  the  monthly 

demand  is  low  (generally  less  than  5  units  per  month).  Howev  er,  in  most  eases,  low  issue 
ciuantities  can  be  ignored  because  they  arc  typically  associated  with  hrw  fi  equency  of 
issue.  This  issiie  is  addressed  further  in  tbllowing  .sections  dealing  with  the  replenishment 
model. 

The  data,  charts  and  graphs  developed  during  forcca.sting  simulations  were  also 
used  to  find  e-samplcs  of  trend,  seasonal,  cyclical  and  other  components  and  demand.  This 
wa.s  accomplished  by  visually  inspecting  each  graph  in  Appendix  C  for  actual  dcmanii 
fiuctuations  consistent  with  trend,  seasonal,  cyclica!  or  oihci  components  of  demand. 
Seasonal,  and  Cyclical  demand  patterns  were  not  found,  in  part,  because  of  insufilcient 
data  (a  minimum  of  two  years  historic  data  is  necessary  to  fully  quantify  sucli  patterns). 
However,  trends  were  evident  in  several  casc.s.  It  is  not  possible  to  determine  whether 
these  trends  arc  seasonal,  cyclical,  or  driven  by  independent  factors,  riicrefore,  no 
modifications  were  made  to  the  forecasting  model  to  coinpcn.sate  for  trends.  1  lowevcr, 
this  does  not  pieclude  provisions  in  the  Replenish  Model  to  hatidlc  trends, 

The  effect  of  ('A  materials  on  demand  was  investigated  following  the  forecasting 
model  simulations,  The  l  esult  of  this  investigation  was  indeterminate  No  evidence  was 
found  linking  the  amount  ofCA  material  in  the  invcnloiy  aiid  the  demand  (or  lack  thereof) 
for  inventoiy  items.  The  data,  charts  and  graphs  used  in  this  investigation  at  e  included  as 
Appendix  D  of  this  report.  Despite  the  lack  of  information  on  this  subject,  the  forecaslir.g 
model  has  proven  effective  within  acceptable  parameters;  therefore,  the  subject  was  not 
pursued  liirtber. 

•  I'hc  ultimate  result  of  the  forecasting  model  development  is  a  simple,  accurate 

ex|H)nential  smoothing  model  that  operates  with  rca.sonable  limits  tm  iVcqiiency  of  issue. 

Dcvciopiiient  of  the  Rcplcni.shiiien(  Model 

The  Replenishment  model  was  developed  based  on  the  capabilities  of  the 
forecasting  model  as  described  jn  eviously.  'I'he  basis  of  the  design  wa.s: 

1 .  A  review  of  potential  aggregate  iuvcntoiy  nu’aiiigeinent  niodeis  available. 

2  Selection  of  t/ic  appropriate  models  for  adaptation  to  I IM  managomenl. 

.f  Identification  ofapproiniate  data  iiiaiiagenieut  inelliod.s  con.'iistenl  with  the 
needs  of  the  RIM. 

4  Data  Analy.vi.s  and  Siiiiiilatioii  of  the  model  tr)  determine  the  appropriate 
values  for  variables  in  the  Replenishment  Model  and  to  verify  its  elfeelivene.ss. 

.“f.  Kvahiatioii  of  Siiiiiilntion  Ke.siilfs 

/.  Inventory  Mnnciy^ement  Models 

Several  aggregate  inventory  models  were  considered  for  u.se  in  the  reirlenishrnent 
model  In  addition,  a  mana.gcmerrt  method  potentially  ap|)licabk;  to  any  inventory  iiiudel, 
called  ‘ABC  Anrtlysis’,  was  examined.  The  models  and  ‘AB(1  Analysis’  are  described 
briefly  below: 

•  I’erpelual  Inventor  y  .System  -  I  his  .system  keeps  a  running  total  oi'the 
inventory  qirantily  that  is  checked  every  time  an  item  is  issuerl.  If  the  issue 
causes  the  inventory  pirsiliori  to  fall  below  the  ROP,  an  order  is  placed.  Safety 
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Stock  is  used  to  prevent  stock  outs.  Order  si/o  is  dctenniiicd  by  idconoinic 
Order  Ouanlity  (liOQ)  calculations.  The  tVv'o  variables  that  define  this  sy.stetn 
arc  the  ROP  and  the  HOQ. 

•  Two-Bin  Inventory  System  -  I'liis  system  also  relics  on  ROP  and  liOQ 
calculations,  howevei;  the  inventory  is  not  monitored  continuously.  A 
secondary  inventory  (bin)  is  maintained  to  cover  demand  while  'iiatci  ials  arc  on 
ordci'. 

»  Periodic  Itivcnt(v  System  ■  i  bis  system  relies  on  a  fixed  ordei  time  period 
willi  High  Limit.i  on  inventoiy.  At  the  time  of  review,  an  order  is  placed  for  a 
tiuanlity  equal  to  the  High  I  imit  minus  the  current  inventoiy  iK)sition  for  the 
itetn.  .Safely  Stocks  arc  used  to  prevent  stock  outs. 

•  (Optional  Replenishment  Inventoiy  System  -  This  system  combines  elements  of 
the  peipctual  and  periodic  inventoiy  systems.  It  uses  both  a  I  ligh  Tiniit  and 
Low  Limit  on  inventory  items  with  a  fixed  period  ofreview.  If llie  inventory 
level  is  at  or  below  the  Imw  Limit,  an  order  is  placed.  Order  size  is  determined 
by  subtracting  the  curient  inventoiy  position  Ivoin  the  High  Limit,  Salely 
Stocks  aie  used  to  prevent  stock  outs. 

•  Selective  Inventoiy  Controi  -  (also  called  AIK’  Analysis)  This  management 
technique  divides  invcntoiics  into  three  classes  based  on  dollar  volume  sold, 
flic  purpose  is  to  allow  the  inventoiy  manager  to  ibcu.s  resources  on  the  class 
or  classes  of  materials  that  need  more  intensive  management, 

2.  Selection  of  an  /Jg,t,7eyr//e  Inventoiy  Model 

Based  on  the  capabilities  and  limitations  of  demand  forecasting  for  IIM 
iiivciitories,  an  apiirojii  iate  aggregate  inventoiy  model  was  selected.  Tlie  O])liona! 
Rcjilen'shment  (OR)  model  was  selected,  along  with  Selective  Inventoiy  Control  (SIC). 
Tliese  metliods  were  selected  liceau.sc  they  are  compatible  with  demand  forecasting  and  do 
not  rely  on  liconemic  Order  (Quantities  to  determine  llic  appropriate  amount  of  material 
I'or  reiilenishment.  Leonomio  Order  Quantities  were  rejeolcd  hecause  they  tend  to 
increase  reitlenishmeiit  quantil'es  in  order  to  achieve  discoimls  on  orders.  Such  methods 
aic  incomiratiblc  with  1 IM  management  where  inventories  are  minimized  to  avoid  disiiosal 
costs  associated  with  .shdf-lifc  ilein.s.  The  OR  model  and  Seleelis'c  Inventoiy  Control 
measures  .selected  are  discussed  in  detail  in  Section  1  of  this  report.  The  details  regarding 
exact  values  for  high  and  low  limits  are  di.scussed  below  in  the  section  on  simulation. 

The  metliods  selected  Toi'  use  in  the  Replenishment  Model  were  modified  liom 
their  theoretical  origins  to  tmcoininodalc  the  iiniciiie  icqiiiremcius  oTl  IM  inamigemciil. 
hirst,  SIC  was  modified  to  contain  lour  cliisses  oTmaleiials,  willumt  icgatd  to  dollar 
volume: 

•  Cln.ss  1  -  Toi’  items  that  can  he  I’oreeasl  with  leasonahle  accuracy 

®  Class  II  -  lor  items  with  low  frequency  oTis.sue  ,'I)IPC  has  indicatcti  that  they 
have  developed  a  method  oTsetling  high  ;md  low  limits  for  these  items), 

»  Class  III  Tor  items  iliat  do  col  lit  into  Class  1  or  11 

•  Class  IV  '  Tor  ilems  oTparlieiilar  interest  to  the  KIM 
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This  modilicatiori  was  neccssaiy  to  distingaisii  between  itenis  Cur  whieb  demand  can  be 
forecast  and  those  fur  which  ii  cannoi.  Moreover,  it  provides  a  means  for  isc'latiiig  items 
of  unique  interest  to  the  RIM,  such  as  items  extremely  critical  to  a  customer’s  mission. 

Second,  the  High  and  Low  Limits  m  inventory  (for  {’lass  1  itesns)  were  lied 
directly  to  the  demand  forecast.  In  prartiec,  .High  and  Low  Limits  arc  ollen  set  aibitrarily. 
'fying  these  values  to  the  foiccast  ensures  tliat  they  respond  to  demand  and,  therefore, 
prevent  stock  outs  or  slielf  life  expiration  without  llic  need  for  adjuslmcnt  by  the  RIM. 

I'hc  high  and  low  limits  were  validated  via  simulations  as  discussed  in  sections  4  and  .S 
below. 

d.  / \>ia  Mana^crtiL  t>t  Mclhoih 

Due  to  the  vast  (]iiantities  of  data  handled  by  each  Region  oiidcr  the  RHMMS 
concept,  data  management  methods  were  a  major  concei  n  in  development  of  tlic 
i  cpleiiislimcnt  model.  As  discussed  in  Section  1,  a  database  management  system  was 
chosen  as  the  primary  means  of  dal.a  management.  A  database  management  system  was 
selected  for  scvei  al  rcasoi'ts; 

1.  natahaso  management  systems  have  the  ability  to  liandic  and  manipulate  large 
(lutintiiios  ol'data. 

2.  Two  of  the  LI  SC’s  visited  dining  the  dcvelujmieiit  of  the  Replenishment  Model 
currently  employ  commercial  database  management  systems  to  monitor  their 
inventoiy  levels.  LLSCI  personnel  are  familiar  with  this  type  of  soRwaie  and  arc 
likely  to  be  amenable  to  a  system  employir.);  similar  methotis, 

-L  l)cveIo[)ment  ol’the  Rcplenisliincnt  Model  rcijuircd  the  u.;c  ofdalabtisc 
managcmciil  .systems  in  a  mannci  similar  to  lluit  cxjiccled  of  RlMs  using  the 
R.cplenishment  Model.  D.itabase  management  sollware  jDiovcd  to  be  the 
simi)lc.sl,  easiest  way  to  pciform  replenishment  and  related  operations, 

I'hu  details  of  the  database  management  system  envisioncii  for  the  RHMMS  repleni.sh.meni 
model  (see  Section  I)  were  created  based  piimaiily  on  siiggeslions  proposed  by  MS(  ’  1 IM 
managers  integrated  with  die  data  requirentents  retiuircd  i'or  leplenishment  caleulrnion.s, 

■/,  /  \ilci  Aiuily.^is  and Simulalioit 

Hala  An.'dv.'d.s  and  Simulation  were  used  to  determine  the  I  iigh  and  Low  Limits  for 
( 'lass  1  items  and  to  diUei  mine  the  elfecliveiie.s.s  of  the  i{eplenishmenl  Model.  I  ,o\a  1  ,imits 
were  (iiiantified  lirsl,  using  historic  demand  data  for  several  items  used  in  derivation  of  the 
l()ii;'ea,sling  model.  I'licse  items  aie  shown  in  fable  (>  im  the  Ibllowing  page. 

Lor  the  items  listed  in  'I'able,  0,  each  month’s  demand  was  comjjarcd  to  the  forecast 
for  the  same  month  to  identify  the  maximuin  ainonnl  by  which  aeliial  demand  can  e.xeeed 
forecasted  demaiid  in  any  one  month.  I'lie  results  of  this  eompunson  are  illustrated  in 
Appendix  li.  Apiwnriix  L  shows  that  actual  (leinand  can  exceed  Ibieeasted  demand  by  as 
much  as  "OO'Mi  !  iowever,  in  only  (>  cases  out  of  lOh,  does  actual  demand  in  any  one 
month  exceed  f.  reeasled  demand  by  nioie  than  '.LS()%.  fheielbie,  the  l.ow  I.iinit  was  set 
at  .Lh  times  the  !'orc.e.asled  deinaml.  l''or  simulation  puiposes,  a  lead  time  factoi  of  I  S 
(one  ami  one-half  months)  was  added  to  the  i.ow  l.imit,  lesiilting  in  a  low  limit  oi’lbur 
timm.  die  monthly  I'oreea.st.  In  practice,  lead  times  will  vaiy,  but  for  simulation  i)uipose.s  a 
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lead  time  factor  of  1 .5  was  "sed  in  all  simulations  since  this  value  is  consistent  witli  actual 
lead  times  observatd  for  items  obtained  via  the  Navy  Supply  System 


ruble  6.  [Icnis  Selected  for  Data  A  iialysis  and  Siniulafino 


ftem  N."N 

91.50002316676 

6810002499354 

8030010668156 

8040005152246 

6850012340219 

8010001817568 

9150002319071 

8040001178510 

9150012602534 

9150002500926 

8010013316107 

8030005468637 

8010013540963 

6850012.350872 

A  High  Limit  was  arbitrarily  set  at  five  times  the  forecast  (plus  a  lead  time  factor  of  1.5), 
but  this  value  tended  to  produce  numerous  stock  outs  dunng  simulation,  I'hei  efore,  the 
High  Limit  was  gradually  increased  to  a  level  where  stock  outs  were  not  obscived,  'flic 
•  resulting  High  Limit  was  6.5  times  the  forecast,  plus  a  lead  time  factor  of  1.5. 

Alter  establishing  the  Migh  and  Low  IJmits,  a  basic  set  of  assum]nions  weic 
rc(|uircci  to  ensure  consistency  in  the  simulations.  The  following  assumptions  were  used 
for  the  simulations: 

1 ,  The  initial  inventory  position  is  slightly  above  the  low  limil  for  each  item.  'I  his 
ensuies  that  the  simulation  includes  at  least  one  cycle  of  reidenisimient. 

2.  No  orders  are  pending  at  the  start  of  the  simulation,  fhis  condition  is  afso 
designed  to  Ibrce  at  least  one  replenishment  cycle  during  the  simulatioit, 

L  I'he  first  forecast  in  each  simulation  is  an  arithmetic  average  oftlic  p'cvioiis 
three  inontlis'  actual  demand,  'fhis  is  designed  to  increase  the  acciirar.y  ol  the 
forecast  and,  sub.sequcntly.  the  repleni.shment  nuidcl.  The  arithmetic  average 
lirovides  a  mure  accurate  first  forecast  than  the  Iasi  period  demand  metlKHl 
used  in  develoi^mcnt  of  the  forecasting  model. 

■1  All  orders  are  placed  at  the  end  ol'thc  month  arid  have  a  load  time  of  45  days. 

5  All  incoming  orders  anive  at  or  near  the  middle  of  the  month  in  which  they  arc 
received 

6,  An  incoming  order  can  be  used  tt)  sati.sfy  demand  incurred  prior  to  arrival  of 
the  order,  but  only  if  llie  demand  occur.s  in  llie  same  month  in  whic:b  the  order 
is  reeciveci. 

7.  file  inventory  [losition  sho'vn  lor  any  month  is  the  position  at  the  end  of  the 
bust  day  of  that  nioiiili. 
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lJ;;iny  the  iissuinplidiis  listccl  above,  a  first  round  ofsiniiilations  were  conductcii. 

These  iirst  simulations  resulted  in  numerous  sloekouts  for  items  that  have  a  ii'ontlily  issue 

quantity  less  than  live  units,  Tlierelbre, ::  lloor  was  estabiislied  for  tlie  i  ligh  and  I  ,ow  e 

i.imits  equivalent  to  a  forecasted  demand  of  live  units.  '1  his  means  tliat  a  minimum  vahies 

were  established  for  the  High  and  Low  Limits  ofdO  and  20  units,  respectively.  Anytime 

tlic  forecasted  demand  drop])cd  below  live  units,  the  miniimims  took  eliect.  A  second, 

tinal  round  of  simulations  followed,  'fhc  results  oftlie  final  round  ol’simulations  are 

illustrated  graphically  in  Appendix  F. 

5.  i'.vahunion  of  Results  of  Simulation 

'fhe  final  round  ofsiniiilations  showed  excellent  results,  flic  simulation  covereii  a 
14  items  over  a  nine  inonth  period  in  which  one  stock  out  oceurreti,  lasting  less  than  one 

month.  In  addition,  three  items  expericnecd  minor  inventory  siiipluses  as  a  result  of  ^ 

decreasing  dctiiand.  riie  surpluses  were  low  in  magnitude,  therefore,  it  is  not  likely  that 

they  would  necessitate  redistribution.  Lurther,  bceau.se  the  1  ligh  ami  Low  1  amits 

decreased  over  time,  with  the  forecast,  new  orders  (that  would  exaceihale  the  situation) 

were  pi’cvented.  Items  with  foieca.sted  demand  of  less  than  five  units  respondeti  extremely 

well  to  the  floor  values  set  for  the  high  and  lo'.v  limits,  ’fhe  results  obtained  fiom  the 

simulations  validaioil  the  selection  of  replenishment  model  vaiiahles  first  discussed  in  * 

Section  1  of’this  report; 


I’oreeast  =  0.1*I.ii.st  Leriod  Deinaiid  s  (>.9*PiTvimi.s  Loreeast 
Low  l/iiiii(  -  2.5*l''<>recast  h  Leacl  riiiie  h'aetor 
Limit  "  <i..‘i*l<'oieca.s<  i  Lead  I’iiiie  L’actor 
lU'ui'der  Quantity  Uigli  I,iniil  -  C.’um'iil  Iiiventoiy  l-evel 
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AFPKNDIX  A: 

!)A  I  A  IISKD  TO  DKVl-;iX)P 
rORKCAS  I  INC  AND  REI’l.liNiSIiMKN  1  MODELS 
UNDER  I  DE  RHIMMS  (  ON(’EPT 


DA  I’A:  I'lic  husic  iin  ciilory  and  cicniancl  data  used  lo  develop  the  ibrccastiiig  and 
1  cjileni.shmcnt  models  i)rcscntcd  in  this  report  is  coniaiiied  in  the  .V5'\  1.44  Mb  floppy  di.'.c 
ill  the  envelope  below.  I'he  data  is  contained  in  a  MicrosoR  {'!'M)  Access  Database.  The 
lile  has  been  compiessod  due  to  its  size  {5Mb)  using  PKZIP.  To  view  the  dti'a, 
decompress  the  lile  using  I’KUN/IP  and  open  the  database  using  a  database  management 
progi  am  such  as  Access. 
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1 2/94 

9) 

42 

58 

77 

93 

1/95 

76 

4/ 

63 

91 

2/95 

51 

50 

70 

78 

,3/95 

85 

50 

64 

62 

54 

4/95 

11  / 

54 

71 

76 

82 

5/95 

9.3 

60 

85 

101 

113 

0/95 

78 

G4 

89 

99 

100 

MRl 


Twsmtm,mmmm 


Arlu.il  Di-'Iii.iik) 


D.ilc 

Ai:Iu;il  ( Ii'in.irK) 

HiB' 

137 

146 

9/'M 

89 

10/94 

1  39 

1  1/94 

110 

1 9/94 

101 

1/99 

14B 

2/99 

181 

.i/99 

109 

4/99 

80 

5/95 

103 

6/95 

89 

7/95 

GO 

n.ilc 

A(  tii.il  [  , 

.'■H  : 


n.itr 

Ai  lll.ll  nrin.iiiil 

7/04 

1)/ 

0/04 

H(i 

0/04 

US 

10/04 

03 

1  1  /04 

('() 

i;704 

03 

1  /O') 

n 

O/O') 

<10 

3//I0 

/4 

4/OS 

40 

i)/o;i 

0/ 

o/os 

00 

//OS 

in.> 

I  Ijlr  Ai  lll.ll  I  li'lli.llul 

7m  ~ 

fi/'M  )1A 

M/'.I4  O') 

U]/!!-! 

I  1  /'J4  /'G 

l;V94  03 

1/03  n 

.703  !iO 

3/03  /Ot 

4/'J3 
bN'i 
(i/03 


'HMUininiBmiim 


Acluiil  1  ii'in.mcl 

,1  0.1 

.1  0,3 

'M 

li/.i 

ll/'ll 

1  /() 

<11 

01 

t;.7 

‘.to 

1  15 

If)!! 

100 

\ll 

1  10 

MO 

13/ 

100 

1  to 

130 

.'00 

110 

133 

;’44 

1?4 

161 

.'04 

1  30 

186 

104 

141! 

306 

,1/U 

101 

300 

300 

1/3 

351 

Aclll.ll  tlfllMIllI 


‘M 
I  /O 


Si’icone  Sealant  N3N;  3040009023871 
'CA'  and  'A'  Condition  Material  Issues  vs.  Time 


Paint,  Epoxy,  Pnmer,  Greet,  NSN:  S01D012180858 
'CA'  and  'A'  Condition  M  iterial  Issues  vs.  Time 


Argon,  NSN:  S83D001690779 
'CA'  and  'A'  Condition  Material  Issues 


Cleaning  Compound,  NSN:  E850012340219 
;A'  and  'A’  Condition  Material  Issues  vs.  Time 


err, over,  NSN:  8D10001817558 
Condition  Material  Issues  vs. ' 


Automotive  Brake  Fluid,  NSN;  S150002319071 


NSN: 

S040001 17851  j  Adhesive,  Silicone  Rubber,  NSN:  8040001178510 

’CA’  and  'A'  Condition  Material  Issues  vs.  Time 


DIN:  PD-7-2-001/#7 
12'29/95 


D-  17 


NOMENCL(\TURE: 


APPENDIX  E: 

COMPARISON  OF  THE  MAGNITUDE  OF 
AC  1  UAL  DEMAND  VS.  THE  MAGNITUDE 
OV  FORECASTED  DEMAND 


At 


A(  1 1  Al,  VS.  K)RK('AS  I  KD  DEMAND,  COMP.ARISON  OK  M A(;NH  UDK,S 


NSN 


68SD012350B72 

6850012350672 


6850012350872 


235 

235 


%Variarice 
Date  I  From  Forecast 


7/94 

8/94 


Actual 

Demand 


235087 

235087 


6850012350872 


6850012350872 


6850012350872 

6850012350872 


8010013540963 


8010013540963 


8010013540963 


I  8010013540963 
I  8010013540963 


8010013540963 


8010013540963 


8010013540963 


8010013540963 


8010013540963 


8010013540953 


8010013540963 


8010013540963 


8030005468637 


8030005468637 


8030005468637 


8030005468637 


80300054 68637 
8030005468637' 
~8030005468037 
80500Q'5'468637 
'8030005466637 
803060546863'7 
8030005468637 
8030005468637' 
803o'6o'5468637 
'801 001 33 1_6 107 
aOl'OOl  331 6"l  07 
8'0'l00133iG1O7 
c^i  0013316107 

'soi'ocFi  'oil  "16To7 

801(K)J3j3y61O/' 
'H0_1_O(1133rG1^/ 
''H'0i00133T6'l07 
801 0013^1 61 0~7 
8U'i00T3316"107 


i|N'  i'l)  7  I  (11)1  '1/ 


Forecast 

Demand 


_ n/a 

57 


60 


62 

65 


67 


66 

67 


69 

69 


67 


6 


Nomenclature 


COMPOUND,  CLEANING,  MA102 


COMPOUND,  CLEANING,  MA102 


COMPOUND,  CLEANING,  MA102  __ 
COMPOUND,  CLEANING,  MA102 


COMPOUND,  CLEANING,  MA102 


COMPOUND,  CLEANING,  MA102  | 

COMPOUND.  CLEANING,  MA102 


COMPOUND,  CLEANING,  MA102 
‘  COMPOUND,  CLEANING,  MA1D2 


COMPOU ND,  CLEANING,  MA102 
COMPOUND,  CLEANING,  MAI 02 


COMPOUND,  CLEANING,  MA102 


COMPOUND,  CLEANING,  MA102 
PAINT,S/P, TOPCOAT,' GRAY, 


PAINT, S/P, TOPCOAT,  GRAY, 


_ PAINT, S/P, TO PCOAT,  GRAY, 

PAINT,S/P, TOPCOAT,  GRAY, 


PAINT, S/P, TOPCOAT,  GRAY, 


PAINT,S/P,TOPCOAT,  GRAY, 


PAINT,S/P, TOPCOAT,  GRAY, 


_ PAINT, S/P, TOPCOAT,  GRAY, 

PAINT, S/P, TOPCOAT,  GRAY, 


PAINT,vS/P, TOPCOAT,  GRAY, 


PAINT, S/P, TOPCOAT,  GRAY, 


PAINT,S/P,TOPCO,AT,  GRAY, _ 

__  PAINT,S/P, TOPCOAT,  GRAY, _ 

'cdMPOU'ND,  CORROSION  PREVE 
'COMPOUND,  CORROSION  PREVE 
COMPO U ND,  CORR PSION  P R E ' 
COMPOUND,  COR ROSION  p'rEVE  ' 
COMPOUND ,  COR?<OSION  PREVE 
'compound,  CORROSION  PREVE" 
COM'POUND,  C ORROSION  P FU;:y e " 
COMPOUND,  c'oRROGION  P'REV'eJ' 
COMPO'UN D','cORROSION'p|VevE  ' 
COMPOUND.  CORROSION  PREVE  ' 
COMPOUND,  CORROSION  PREVE  " 
COMPOUND,  'co'rROSIOM  PREVE^ 
COMI’OUND,  CORROSION  p'rEVE 
__  paint.  LACQUFR,  BLACK,  1 7 
_  PAINT,  LAC'QUER,  black,  T/'  '  ' 
~  PAINT,  LA,CQU"e'R,  B'lACK,  17 

PAINJ,  LACQUER,  BLACK,  17 _ 

'I^A'i'N  rrUAC  Q  U  E  R  ,Jd  C  K ,  1  7 
PAI'NT,  U^c'qUf'r’,  BL AC^.  17 
'  PAINIL  1  AGQ  Per',' BLACK.  1 1  _ 
PA  I N  'f,  iy^CQ  U IIR  ,'BI^C  1 7  ' 
PP\IN'f^yA'hQirER','BLACK,  I/  "  ' 
PAINT,  LA'CQUER,  BD‘\CK,'1  7 


.\\W.\I  I  id  (.)l'l  NC’i  ()| 


Ar  I  IIAI.  vs.  K)RK(  AS  !  KD  DKMAND,  COMPARISON  OK  MAGNI  I'lIOKS 


» 


7oVariance 

From  Forecast 

Actual  j  Foreca.st 
Demandl  Demand 

NSN 

AFOll 

Date 

Nomenclature 

8010013316107 

184 

5/95 

15% 

54 

47 

PAINT,  LACQUER,  BLACK,  17 

S010013316107 

184 

6/95 

101% 

96 

48 

PAINT,  LACQUER,  BLACK,  17 

8010013316107 

184 

7/95 

132% 

122 

53 

PAINT,  LACQUER,  BLACK,  17 

9150002500926 

122 

7/94 

n/a 

15 

n/a 

PETROLATUM,  TECHNICAL 

9150002500926 

122 

8/94 

-27% 

11 

15 

PETRCLATUM,  TECHNICAL 

9150002500926 

122 

9/94 

1 74% 

40 

15 

PETROLATUM,  TECHNICAL 

91 5^^0002500926 

122 

10/04 

17% 

20 

17 

PETROLATUM,  TECHNICAL 

9150002500926 

122 

11/94 

-43% 

10 

17 

PETROLATU.*,',  TECHNICAL 

9150002500926 

122 

12/94 

-70% 

5 

17 

PETROLATL'M,  TECHNICAL 

9150002500926 

122 

1/95 

-29% 

11 

16 

PE  1  ROLATUM,  TECHNICAL 

9150002500926 

122 

2/9^ 

-20% 

12 

15 

PETROLATUM,  TECHNICAL 

9150002500926 

122 

3/9^ 

I  5% 

17 

15 

PETROLATUM,  TECHNICAL 

9150002500926 

122 

4/95 

-73% 

4 

15 

PETROLATUM,  TECHNICAL 

9150002500926 

122 

5/95 

73% 

24 

14 

PETROl^TUM,  TECHNICAL 

9150002500926 

122 

6/95 

-40% 

9 

15 

PETROLATUM,  TECHNICAL 

9150002500926 

122 

7/95 

1 2% 

16 

14 

PETROLATUM,  TECHNICAL 

9150012602634 

106 

7/94 

n/a 

31 

n/a 

LUBE,  SOLID  FILM 

9150012602534 

106 

8/94 

-19% 

25 

31 

LUBE,  SOLID  FILM 

9150012602534 

106 

6/94 

18% 

36 

30 

LUBE,  SOLID  FILM 

9150012602534 

106 

10/94 

-32% 

21 

31 

LUBE,  SOLID  FILM 

9150012602534 

106 

11/94 

247% 

104 

30 

LUBE,  SOLID  FILM 

9150012602534 

106 

12/94 

-9% 

34 

37 

LUBE,  SOLID  FILM 

9150012602534 

106 

1/95 

-73% 

10 

37 

LUBE,  SOLID  FILM 

9150012602534 

106 

2/95 

-4% 

33 

34 

LUBE,  SOLID  FILM 

9150012602534 

106 

3/95 

46%. 

50 

34 

LUBE,  SOLID  FILM 

9150012602534 

106 

4/95 

•11%. 

32 

36 

LUBE,  SOLID  FILM 

9150012602534 

106 

5/95 

44%<, 

51 

35 

LUBE,  SOLID  FILM 

9150012602534 

106 

6/95 

■78% 

8 

37 

LUBE,  SOLID  FILM 

9150012602534 

106 

7/95 

-41%. 

20 

34 

LUBE.  SOLID  FILM 

8040001178510 

62 

7/94 

ll/a 

17 

n/a 

ADHESIVE, SILICONE  RUBBER, 

8040001178510 

62 

8/94 

-53%. 

8 

17 

ADHESIVE, SILICONE  RUBBER, 

8040"001 178510 

62 

9/94 

55% 

25 

16 

ADHESIVE,SILICONE  RUBBER, 

8040001178510 

62 

10/94 

-35% 

11 

17 

ADHESIVE, SILICONE  RUBBER, 

8040001178510 

02 

1  I/94 

-51% 

8 

16 

ADHESIVE, SILICONE  RUBBER, 

8040001178510 

62 

12/94 

144% 

38 

16 

/ADHESIVE, SILICONE  RUBBER, 

8040001178510 

62 

1/95 

215% 

56 

18 

ADHESIVE, SILICONE  RUBBER, 

8040001178510 

62 

2'95 

-12% 

19 

22 

ADHESIVE, SILICONE  RUBBER, 

8040001178510 

62 

3/95 

-11% 

19 

21 

ADHESIVE, SILICONE  RUBBER, 

8040001178510 

62 

4/95 

-34% 

14 

21 

ADHESIVE, SIIJCONE  RUBBER, 

8040001178510 

62 

5/95 

-71% 

G 

20 

ADHESIVE. silicon:  RUBBER, 

8040001178510 

62 

6/95 

16% 

22 

19 

ADHESIVE, SILICONE  RUBBER, 

8040001178510 

62 

7/95 

-17% 

16 

10 

ADHESIVE, SILICONE  RUBBER, 

9150002319071 

51 

7/94 

n/a 

4 

n/a 

FLUID,  BRAKE,  AUTOMOTIVE 

9150002319071 

51 

8/94 

200% 

12 

4 

FLUID,  BRAKE,  AUTOMOTIVE 

9150002319071 

51 

9/94 

40% 

7 

5 

FLUID,  BRAKE,  AUTOMO  l  IVE 

9150002319071 

51 

1 0/94 

298% 

20 

5 

FLUID,  BRAKE,  AU  l  OMOTiVE 

9150002319071 

51 

11/94 

-100%. 

0 

7 

FLUID,  BRAKE,  AUTOMOTIVE 

9150002319071 

.51 

12/94 

53% 

9 

6 

FLUID,  DRAKE,  AU'fOMOl  IVE 

9150002319071 

51 

1/95 

78%, 

11 

6 

FLUID,  DRAKE,  AUTOMOTIVE 

I IIN'  I’D  ;  3  IJIII  nV 
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.\(  !  rAI  \  S.  KOKKC’ASTKD  DEMAND,  C'OMI’ARISON  OK  MAONI  i  ilDK:: 


> 


1 

%Variance 

Actual 

Forecast 

NSfsl 

AFOl 

Date 

From  Forecast 

Demand 

Demand 

Nomenclature 

9150002319D71 

61 

2/95 

110% 

14 

7 

FLUID,  BRAKE,  AUTOMOTIVE 

9160002319071 

51 

3/95 

103% 

15 

FLUID,  BRAKE,  AUTOMOTIVE 

9150002319071 

51 

4/95 

-63% 

^  3 

8 

FLUID,  BRAKE,  AUTOMOl  IVE 

9150002319071 

51 

5/95 

-74% 

2 

8 

FLUID,  BRAKE,  AUTOMOTIVE 

9150002319071 

51 

6/95 

93% 

14 

7 

fluid",  brake,  AUTOMOTIVE 

9150002319071 

51 

7/95 

-74% 

2 

^  8 

FLUID,  BRAKE,  AUTOMOTIVE 

8010001817568 

1  49 

7/94 

n/a 

1 

n/a 

REMOVER,  PAINT 

8010001817568 

49 

8/94 

ii/a 

3 

n/a 

REMOVER,  PAINT 

8010001817568 

49 

9/94 

0% 

3 

3 

REMOVER,  PAINT  1 

8010001817568 

49 

10/94 

300% 

12 

3 

REMOVER,  PAINT 

8010001817563 

^  49 

11/94 

3% 

4 

4 

REMOVER,  PAINT 

8010001817568 

49 

i  2/94 

130% 

9 

4 

REMOVER,  PAINT 

8010001817568 

49 

1/95 

149% 

11 

4 

REMOVER,  PAINT 

8010001817568 

49 

2/95 

^  1 8% 

6 

5 

REMOVER,  PAINT 

8010001817568 

49 

3/95 

74% 

9 

5 

REMOVER,  PAINT 

8010001817568 

49 

4/95  I 

116% 

12 

6 

REMOVER,  PAINT 

8010001817568 

49 

5/95 

-35% 

4 

6 

REMOVER,  F’AINT 

8010001817568 

49 

6/95 

17% 

7 

6 

REMOVER,  PAINT 

8010001817563 

49 

7/95 

-34% 

4 

6 

re"mover,  paint 

6850012340219 

43 

7/94 

n/a 

2 

n/a 

CLEANING  COMP 

6850012340219 

43 

8/94 

800% 

18 

2 

CL.EANING  COMP 

6850012340219 

43 

9/94 

-44% 

2 

4 

cleaning  COMP 

6850012340219 

43 

10/94 

133% 

8 

3 

CLEANING  COMP 

6850012340219 

43 

11/94 

1 82% 

11 

4 

cleaning  COMP 

6850012340219 

43 

12/94 

312% 

19 

5 

Cl'EANING  COMP 

6850012340219 

43 

1/95 

16% 

7 

6 

CLEANING  COMP 

6850012340219 

43 

2/95 

-19% 

5 

6 

CLEANING  COMP 

6850012340219 

43 

3/95 

0% 

6 

6 

CLEANING  COMP 

6850012340219 

43 

4/95 

■60% 

3 

6 

CLEANING  COMP 

6850012340219 

43 

5/95 

iio% 

12 

6 

CLEANING  COMP 

6850012340219 

43 

6/95 

-21% 

5 

6 

CLEANING  COMP 

6850012340219 

43 

7/95 

-52% 

3 

6 

CLEANING  COMP 

8040006152246 

37 

7/94 

n/a 

0 

n/a 

ADHESIVE,  POLYCHLOROPRENE 

8040005152246 

37 

8/94 

n/a 

2 

n/a 

ADHESIVE,  POLYCHLOROPRENE 

8040005152246 

37 

9/94 

0% 

2 

2 

ADHESIVE,  POLYCHLOROPRENE 

8040005152246 

37 

10/94 

1 50% 

5 

2 

ADHESIVE,  POLYCHLOROPRENE 

0040005152246 

37 

1 1/94 

74% 

4 

2 

ADHESIVE,  POLYCHLOROPRENE 

8040005152246 

37 

12/94 

■  19% 

2 

2 

ADHESIVE,  POLYCHLOROPRENE 

8040006152246 

37 

1/95 

1 06% 

5 

2 

ADHESIVE,  POLYCHLOROPRENE 

8040UU51 52246 

37 

2/95 

-63% 

1 

3 

ADHESIVE,  POLYCHLOROPRENE 

8040005152246 

37 

3/95 

179% 

7 

3 

ALTHESIVE,  POLYCHLOROPRENE 

8040005152246 

37 

4/95 

69% 

6 

3 

a’dhesive,  polychloroprfne 

8040005152246 

3  / 

5/95 

153% 

8 

3 

ADHESIVE,  POLYCHLOROPRENE 

8040005152240 

37 

6/95 

-73% 

1 

4 

ADHESIVE,  POLYCHLOROPRENE 

8040005152246 

37 

7/95 

48% 

5 

3 

ADHESIVE,  POL.YCHLOROPRENE 

8030010668156 

30 

//94 

ii/n 

4" 

n/a 

COMPOUND,  SEALING-BLUE 

803001 0G681 56 

30 

8/94 

1 88% 

23 

8 

COMPOUND,  SEALING-BLUE 

8030010668156 

30 

9/94 

1 00% 

19 

10 

COMPOUND,  SEALING-BLUE 

8030010668156 

30 

1 0/94 

1 ')% 

12 

10 

COMPOUND,  SEAl-ING-BLUE 

DIN  \'\yi  >  1)01  .v; 
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AI'JI  AN’M'.M.  1  lil  iw  I  NCV  ()!■  ISSI  I 


o 


A(  n  Al  v  s.  K)KK(  AS  l  Kl)  DK.MAM),  (  ()M1'AKIS;)N  OK  .MAOM  II  l)h  s 


%VaiiaMce 

From  Foreca.st 

Ar.tunl 

Demand 

Forer.asl 

NSN 

AFOI 

Dain 

Demand 

Nii/neiui.iluie 

8030010668156 

30 

11/94 

-100% 

0 

11 

COMPOUND.  CFAl  iNO  Bl  UF 

8U3001 06681 56 

1  30 

12/94 

78% 

17 

10 

COMPOUND.  SCALING. BLUE 

8030010668156 

30 

^i/95 

-90% 

1 

10 

^  COMPOUND,  SEALING  BLUE 

8030010668156 

30  1 

2/95 

■25% 

7 

9 

COMPOUND  SEALING  BLUE 

8030010668156 

30 

3/95 

21% 

11 

9 

COMPOUND,  SEALING  BLUE 

8030010668156 

30 

4/95 

29% 

12 

9 

COMPOUND,  SEALING  BLUE 

8030010668156 

30 

5/95 

-79% 

2 

10 

COMPOUND.  SFAl  ING  Bl.UE 

8030010668156 

30 

6/95 

-43% 

5 

9 

COMPOUND.  SFAl  ING  Bu  UE 

8030010668156 

30 

7/95 

-17% 

7 

8 

COMPOUND.  St  Al  iNG-Bl  UF 

6810002499354 

I  25 

7/94 

n/a 

8 

n/a 

ACID,  BATTERY 

6810002499354 

25 

8/94 

1 00% 

16 

8 

ACID,  BATTERY 

6810002499354 

25 

9/94 

93% 

17 

9 

ACID,  BATTERY 

6810002499354 

25 

10/94 

-38% 

6 

10 

ACID,  BATTERY 

6810002499354 

25 

1  V94 

-100% 

0 

9 

ACID.  BATTERY 

6810002499354 

25 

12/94 

87o 

9 

8 

ACID.  BATTERY 

6810002499354 

25 

1,'95 

79% 

15 

8 

ACID  BATTERY 

6810002499354 

25 

2/95 

-34% 

-  .  ®  J 

9 

ACID.  BATTERY 

6810002499354 

25 

3/95 

220% 

28 

9 

ACID.  BAT  TER  F 

6810002499354 

25 

4/95 

143% 

26 

11 

ACID,  BATTERY 

6810002499354 

25 

5/95 

269% 

45 

12 

ACID  BATTERY 

6810002499354 

25 

6./95 

3% 

16 

16 

ACID.  GATTERF 

6810002499354 

25 

7/95 

-74% 

4 

16 

ACID.  BATTERY 

9150002316676 

24 

7/94 

n/a 

4 

nM 

OIL. LUBRICATING,  TURB 

9150002316676 

24 

8/94 

775% 

35 

4 

OIL, LUBRICATING  A/C  TURB 

9150002316676 

24 

9/94 

41% 

10 

7 

OIL, LUBRICATING,  AO  TURB 

9150002316676 

24 

10/94 

8% 

8 

7 

OIL, LUBRICATING,  VC  TURB 

9150002316676 

24 

11/94 

7% 

8 

7 

OIL.LUBRICAT  ING  AC  TURB 

91.s^''n2316676 

24 

12/94 

-47% 

4 

e 

OIL. LUBRICATING  A'C  TURB 

915.  J2316676 

24 

1/95 

•100% 

0 

7 

OIL.. LUBRICATING,  VC  TURB 

9150002316676 

24 

2/95 

24% 

8 

6 

OIL. LUBRICATING.  AC  TURB 

9150002316676 

24 

3/95 

■24% 

5 

7 

OIL.LUBRICATING,  VC  TURB 

9150002316676 

24 

4/95 

-69% 

2 

6 

OIL.LUSRICATING,  A/C  TURB 

9150002316676 

24 

5/95 

67% 

10 

6 

OIL.LUBRICATING  A'C  TURB 

9150002316676 

24 

6/95 

25% 

8 

6 

OIL.LUBRICATING  .A/C  TURB 

9150002316676 

24 

7/96 

-100% 

0 

7 

OIL.LUBRICATING  A/C  TURB 

APPENDIX  1- : 

CHARTS  AND  GRAPHS  FROM 
REPLENISHMENT  MODEL  SIM» 'LA7’IONS 


Demand  (Qty  Issued] 


oil.,  l  UBRK'A  I ING  (A/C  I'llKB) 


NSN:  9150002316676 


HIKOUENCY  OK  IS.Sl)E:  24 


Date 

Actual  Demand 

Inventory  Parameters  j 

Forecast 

Inventory 

HL  1  LL 

On  Order 

7/94 

4 

n/a 

n/a 

n/a 

n/a 

n/a 

8/94 

35 

n/a 

n/a 

n/a 

n/a 

n/a 

9/94 

10 

n/a 

70 

n/a 

n/a 

n/a 

10/94 

8 

16 

62 

128 

64 

66 

11/94 

8 

15 

.54 

122 

61 

66 

12/94 

4 

14 

116 

116 

58 

0 

1/95 

0 

13 

116 

107 

54 

0 

2/95 

8 

12 

103 

97 

48 

0 

3/95 

5 

12 

103 

93 

47 

0 

4/95 

2 

11 

101 

88 

44 

0 

5/95 

10 

10 

91 

«i 

40 

0 

6/95 

8 

10 

83 

81 

40 

0 

7/95" 

0 

10 

83 

79 

40 

0 

-  -  ■  ■ 

I 

'  Demand,  Inventory  Level,  Forecast,  High  Limit  and  Low  Limit  vs. 

I  Time 


Actual  and  Forecasted  Denrand  vs.  Time 


OetTiand  (Qty  Issued) 


Demand  (Qly  issued) 


Dernand  (Qfy  issued} 


(  LKANINC  {'OMPOIIND 


NSN:  685001234021') 


I  HKQDKNl  Y  ISSilK:  43 


Demand  (Qty  Issued) 


Can-.anc:  (Qty  Issued) 


Actual  Demand 

7/94 

4 

8/94 

12 

9/94 

7 

10/9 

20 

11/94 

0 

12/94 

9 

1/95 

11 

2/95 

14 

3/95 

15 

4/95 

3 

5/95 

2 

6/95 

14 

7/95 

2 

Invcntoiv  Paraniotoi-s 


Forecnst 


_ Mj'a _ 

ll/a 

jv/a _ 

8 _ 

9 

_ 8 _ 

_ ^8 _ 

_  9 ' 

^"'_9 _ ^ 

“  10 _ 

J) _ 

'  8 _ 

"g 


Invontoiy 


nA'i _ 

n/ii 

33 

_J3 _ 

13 

55 

44__2 

_ 30__ 

_ IJi _ 

_ 51 _ 

_ £9 _ 

35 

33 


On  Older 


n/a 

_ iVa _ 

_ n/a 

5 
_5 
[ 

’ _ C 

^ _ 3 

39 


Actual  and  Forecasted  Demand  vs.  Time 


*  V 


Demand  (Qty  issued) 


VDllFSIVK,  SII.IC  ONK  KlIHHKlt 


NSN:  K0UI(K)I17SS10 


KUKO^I^'N('Y  OF  ISSIIF:  (.2 


Diito 

Acliinl  Demand 

Invciiloiy  Paranuiteis  | 

Forecast 

Inventory 

HL 

LL 

On  Order 

7/94 

17 

ii/a 

n/ii 

n/a 

ll/a 

n/a 

8/94 

8 

n/a 

n/a 

n/a 

n/a 

n/a 

9/94 

25 

n/a 

70 

n/a 

n/a 

n/a 

10/94 

11 

17 

59 

136 

68 

77 

11/94 

8 

16 

51 

131 

66 

77 

12/94 

38 

16 

90 

124 

62 

0 

1/95 

56 

18 

34 

142 

-t  4 

1  1 

108 

2/95 

19 

22 

15 

173 

86 

108 

3/95 

19 

21 

104 

171 

85 

0 

4/95 

14 

21 

90 

169 

85 

0 

5/95 

6 

20 

84 

163 

82 

79 

6/95 

22 

19 

62 

152 

76 

79 

7/95 

16 

r  125 

154 

77 

0 

I 


Actual  and  Forecasted  Demand  vs.  Time 


'vil  cr- 


Demand  (Qty  issued) 


('OMPOIINO,  (’LEANINC;,  MA1()2  NSN:  6850012350872  FREQUENCY  OF  ISSUE;  350 


V 


Date 

Actual  Demand 

Inventory  Parameters  | 

Forecast 

Inventory 

HL 

LL 

On  Order 

im 

57 

n/a 

n/a 

n/a 

n/a 

n/a 

8/94 

86 

n/a 

n/a 

ll/a 

n/a 

n/a 

9/94 

85 

n/a 

310 

n/a 

n/a 

n/a 

10/94 

93 

76 

203 

608 

304 

405 

11/94 

76 

78 

127 

622 

311 

405 

12/94 

63 

78 

469 

620 

310 

0 

1/95 

77 

76 

392 

609 

304 

0 

2/95 

80 

76 

312 

609 

305 

0 

3/95 

74 

77 

238 

612 

306 

374 

4/95 

49 

76 

189 

610 

305 

374 

5/95 

67 

74 

496 

589 

294 

0 

6/95 

66 

73 

430 

583 

292 

0 

7/95 

102 

72 

328 

578 

289 

0 

a 


